EP O 120 516 A2

° 9

Europaisches Patentamt
European Patent Office

Office européen des brevets

®

@) Application number: 84200239.6

() Date of filing: 21.02.84

@ Publication number:

@ mck:

0 120 516
A2

EUROPEAN PATENT APPLICATION

C 12 N 15/00

A 01 H 1700, C 12 N.1/20
C 12 N 500, C 12 P 1/00
/(C12P1/00, C12R1/91),
(C12N1/20, C12R1/01), -
{C12N5/00, C12R1/81)

" () Priority: 24.02.83 NL 8300638

@ Date of publication of application:

03.10.84 Bulletin  84/40

@ Designated Contracting States:
AT BE CH DE FR GB IT LI LU NL SE

- (&) Applicant: RIJKSUNIVERSITEIT LEDEN -

Stationsweg 46 P.O. Box 9500
NL-2300 RA Leiden{NL)

! @ Applicant: Schilperoort, Robbert Adriaan, Prof. Dr.

- Anthonie Duyckinan 10¢
NL-2334 CD Leiden(NL}).

@ inventor: Schilperoor, Robbert Adriaan, Prof. Dr.
Anthonie Duycklaan 10¢
N1-2334 CD Leiden({NL)

@ Inventor: Hoekema, Andreas, Drs.
Boerhaavelasn 114
- NL-2334 ET Leiden{NL}

- el
@ Inventor: Hooykaas, Paul Jan Jacob, Dt.
Condorstraat 126

NL-2317 AW Leiden(NL)

@ Representative; Kooy, Leendert Willem et al,
OCTROOIBUREAU VRIESENDORP & GAADE P.O. Box
266
NL-2501 AW The Hague(NL)

@ A process for the incorporation of foreign DNA into the genome of dicotyledonous plants; Agrobacterium tumefaciens

bacteria and a process for the pr

duction thereot; pi and plant cells wit_h modified genetic properties; a process for

the preparation of chemical and/or phar pr
@ The invention relates to a process for the incorporation of
foreign DNA into chromosomes of dicotyledonous plants by
intecting the plants or incubating plant protoplasts with
Agrobacterium bacteria, which contain one or more plasmids,
wherein bacteria are used which contain at least one plasmid
having the vir-region of e Ti {tumour inducing) plasmid but no
T-1epion, and et least one other piasmid having & T-region

with incorporated therein foreign DNA but no vir-region, as

weli as 10 8 Agrobacterium bacieria, suitable for use in the
mocess according to claim 1 wherein at least one plasmid
which has the vir-region of a Ti {tumour inducing) plasmid but
no T-region and at least one other plasmid which has & wild
type T-region with incorporated in it foreign DNA but-no
vz -reqion.,

Crovdon Primimp Company Lic.

. —



EP O 120 516 A3

°9

Designated

Europaisches Patentamt
Eurépean Pat nt Offic

.Office uropéen des brevets

@

@ Application number: 84200239.6

(@) Date of filing: 21.02.84

0 120 516
A3

@ Publicatio;w numbes:

EUROPEAN PATENT APPLICATION

+

® mcs € 12 N 15/00
| A 01 H 100, C 12 N 1/20
C 12 N 5/00, C 12 P 1/00
/I{C12P1/00, C12R1:91),
<. . {C12N1/20,C12R1:01),
(C12N5/00, C12R1:91)

RN TE Lot o Skt S0

(9 Priority 24.02:83 NL 8300698

Date of publication of application:
03.10.84 Bulistin 84/40

Date of deferred publication of search report: 10.07.85
Contracting Ststes:
AT BE CH DE FR GB IT L1:LU NL SE

() Applicant: RUKSUNIVERSITEIT LEIDEN
Stationsweg 46 P.O. Box 8500
NL-2300 RA Leiden{NL)

: T uhr v
@ "Applicant: Schilperoont, Robbert Adrigan,Rrod. D ee— ——— =
Anthonie Duycklaan 10c

NL-2334 CD Leiden{NL)

1
PR

\
7

. @ inventor: Schiiperoon, Robbert Adriaan, Prof. Dr.
Anthonie Duyckizan 10c
NL-2334CD Leiden(NL)

@ inventor: Hoekema, Andreas, Drs.
Boerhaaveiaan 114
NL-2334 ET Leiden(NL}

@ Inventor: Hooykaas, Paul Jan Jacob, Dr.
Condorstraat 126
NL-2317 AW Leiden{NL)

Representative: Kooy, Leendert Willem et al,
OCTROOIBUREAU VRIESENDORP & GAADE P.O. Box
266

NL-2501 AW The Hague(NL)

<)

@ A process for the incorporation of foreign
bacteria and 8 pro for the prod

DNA into the g
thereof; plants
| prod

plants; Agrobacterium tumefaciens
and plant cells with _modiﬁed genetic properties; a process tor

4 1ed
of dicoty

the preparetion of chemical andic pharm. {

@ The invention relates to & proces for the incorporation of

’ toreién DNA into chromosomes of dicotyledonous plants by

infecting the plants or incubating plant protoplasts with
Agrobacterium bacteria, which contain one or more plas-
mids, wherein bacterie are used which contain at least one
plasmid having the vir-region of a Ti (tumour inducing)
plasmid but no T-region, and at least one other plasmid
having @ T-region with incorporated therein foreign DNA but
no - vir-region, as well 8s tc 2 -Agrobacterium bacteria,
suitable for use in the process according to claim 1 wherein
at least one plasmid which has the vir-region of a Ti {tumour
inducing) piasmid but no T-region and at ieast one other
plasmid which has e wild type T-region with incorporated in
it foreign DNA but no vir- region.

sty ™o
Km o

e Pst !

H‘Psi]
Psil Pstl

PAL1050

FIGA

88kb

ori
R7172

Croygon P

nring Company Li0



9

European Patent
Office

"EUROPEAN SEARCH REPORT

EP 84 20 023

EPO Form 1503.03.62

DOCUMENTS CONSIDERED TO BE RELEVANT

9

Citation of t with indication. where appropriate,

Relevant " CLASSIFICATION OF THE

Category of relevant passages to claim APPLICATION {int.CL.3) ~
. - C 12 N . 15/00
0,X| CHEMICAL ABSTRACTS, vel. 101, 1-7 A Ol H 1/00
no. 25, 17th October 1984, page c 12N 1/20
197, no. 223932k, Columbus, ] C 12 N 5/00
Ohio, US; A.J.De FRAMOND et al.: cC 12 P 1/00}//
. "Mini-Ti plasmid and a chimeric (C 12 P 1,00
gene construct: new approaches C 12 R 1:91))
to plant gene vector (C 12 N 1/20
construction". & MIAMI WINTER C 12 R 1:011 )
SYMP. 1983, 20(ADV. GENE (C 12 N 5,00
TECHNOL. : o C 12 R 1:21!0)
MOL. GENET. PLANTS ANIM.), '
158-70.
P,X| NATURE, vol. 303, 12th May 1983, 1-7
pages 179-180; A.HOEKEMA et al.:
"A binary plant vector strategy
based on separation of wvir- and
T-region of the Agrobacterium
tumefaciens Ti-plasmid". TECHNICAL FIELDS
*The whole document* SEARCHED {int. CI.%)
P,X | BIOTECHENOLOGY; vol. 1, May 1983, 1-7 C 12 N
pages 262-269; A.J. De FRAMOND , :
et al.: "Mini-Ti: A new vector
strategy for plant genetic
engineering"”. :
*The whole document¥
-— -/- )
The present search report has been drawn up tor all ctaims
Place of search Date of compietion of the search Examiner
HE GUE . 28-03-1985 DESCAMPS J.A.
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date .
Y : particularlyrelevant if combined with another D : document cited in the application
N document of the same category L : document cited tor other reasons
A : technoiogical background e
O : non-written disclosure & : member of the same patent tamily, corresponding
P : intermediate document document




D)

European Patent
Otfice

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

0120516

Application number
EP B84 20 0239

Page 2

Category

Citation of dOCUMENt with INCICAhON, where appropriate.
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (int. CL. %)

D,A

PO Foem 1503 0382

PLASMID, vol. 7, 1982, pages
107-118, Academic Press, Inc,;
JACQUES HILLE et al.: ) :
“"Construction and application of
R Prime Plasmids, carrying

- different segments of an.
Octopine Ti PLasmid from
Agrobacterium tumefaciens, for
complementation of vir genes".
*The whole document* .

- -

JOURNAL OF BACTERIOLOGY, vol.
150, no. 1, April 1982, pages
327-331; J.H.KLEE et al.: -
"Complementation analysis of
-Agrobacterium tumefaciens Ti
Plasmid mutations affecting
Oncogenicity".

+*The whole document*

The present search report has peen drawn up tor ali claims

1

.

TECHNICAL FIELDS

SEARCHED (im. C!. 3}

o

Place ot search Date of completion of the search Examiner
THE HAGUE 28-03-1985 DESCAMPS J.A.
RY OF CITED DOCUMENTS T : theory or principlie underlying the invention
CATEGORY O € E: earli:/r patent document, but published on, or
X : particularly relevant if taken alone atter the filing date o
Y: gaﬂiculan; relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons

A : technological background - -
0: ne:n-r:)ri?tge’: l:ﬁst':losgxrua & - member of the same patent tamily, corresponding
P intermediate document document




5

10

15

20

0120516

A process for the incorporation of foreign DNA into the genome of

dicotyledonous plants; Bg;obécﬁerium tumefaciens bacteria and a

process for the production thereof; plants and plant cells with
modified genetic properties; a process for the preparation of

chemical and/or pharmaceutical products.

The invention relates to a pfocess for the
incorporation of foreign DNA into the genome of dicotyledonous
plants by infecting the plants or by incubating plant protoplasts

with Agrobacterium tumefaciens bacteria, which contain one or more

plasmids.

It is known that the Ti plasmid of A.
tumefaciens is essential for the capaciﬁy of this bacterium to cauée
the formation of so-called "Crowngall" tumors on dicotyledonous -
plants ( Van Larebeke et al, Nature (London) 252, 169-170 (1974);
Watson et al, J. Bacteriol. 123, 255-264 (1975); Zaenen et al.

J. Mol. Biol. 86, 109-127 (1974)). Part of this plasmid, designated
as the T-region, is integrated as T-DNA in the plant geho}e (the
chromosomal DNA) during tumour induction (Chilton et al, Cell i;,
263-261 (1977); Chilton et al, Proc. Nat. Acad. Sci. USA 77, 4060-
4064 (1980); Tomasshow et al, Proc. Nat. Acad. Sci. USA 77,
-6448~6452 (1980); Willmitzer et al Nature (London) 287, 259-361 (1980)
and is expressed in various RNA transcipts (Drummond et al, Nature
{London) 2692, 535-536 (1977); Ledeboer, thesis State University of
Leyden (1978); Gurley et al, Proc. Nat. Acad. Sci. USA 76, 2828- )
2832 (1979); Willmitzer et al, Mol. Gen. Genet. 182, 255-262 (1981)),
The tumour cells show a phytohormone independent growth and

contain one or more unusual aminoacid derivatives, known as opines
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of which octopiﬁe and nopeline are best-known. The f-DHA\orisinating
from an octopine Ti élasmid carries a gene, wnich codes for the
enzyme lysopine dehydrogenase (LpDH) or octopine synthase {ocs)
whickh the tumour cell needs for the synthesis of cctopine {Schroder
et al, FEBS Lett. 129, 166-168 (1981)). The plasmid furthermore

conga‘ns genes for the use of these opines by the bacterium

(Bomnoff{ et al, Mol. Gen. Genet. W5, 177~ 181 (1976); Montoya et al,

J. Bactericl. 129; 101-107 (1977)). I the T-region of the plasmid
is lacking, no tumours are induced (Koekman et al, Plasmid 2,
347-357 (1879)). In additi;n to the T-region another région of the
Ti plasmid eppears 1o-De essential for the tumour inducing capacity
of the besterium {Garfinkel et sl, J. 3acteriel. bk, 732-7L3
{1980); Ooms et al . J. Bacteriol. ikb, 82-91 (1380)), whica part,
however, has never been found in the-plant tumour cells. mhls rnglon
with a size of aoout 20 M4, in which mutat1ons -appear 10 be
compiementary in trans, is called the 335'(v1rulence) reglon;
(Fille e al, Piasmid 6, 151-15% (1381)); Hille et al, Plasmid T,
107-118 (1982); Klee et al, J. Bacteriol. 150, 327-331 (1982).

. ' It will be clear from the above that the
proceryotic bacterium A. tumefaciens nas a sysien for genetic
menipwlations of eucaryotlc plants present in nature. The T-region
of <he Ti plasmid appears to be suitable for incorporating foreign
DHA, in perticuler genes wnich code for particular de51rable
croperties, into the genome 'of plant cells, the more SO &s in
urinciple‘it is possible to eliminate the genes vhich are the cause
of the tumour without simultaneously blocking the incorporation
of the nev genes. A first possibi’ity seens to be to transform plant
cells by infecting nlants wvith A tunefaciens pacteria which
contain cne or more Ti plasmids the T-region of which is manlpulated
in the dGesirable manner. It is even better to incubate plant

protoplasts with sueh A. tumefaciens bacteria.

For prectical reasons the introduction of new genes in the T-region

Tty meens of recombinent-DNA technigues are preferably carried out
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in Escherichia coli.'chever, the Ti plasmid normally cannot be

maintained in E. ¢oli (it does not replicate in this host). So, in
the existing procedures a so-called Shu;tle vector is used which
replicates in E. coli and A. tumefaciens and into vhich the T-region
is introduced. Subsequently nev genes are introduced into fhis
T-region; however, the complete Ti plasmid is necessary in order

to transform cells vie A. tumefaciens. The resson is that the Ti

plasmid contains the essential vir-region on wnich genes are

positioned which see to a selection of T-region (presumably by
recognition of base sequences at the Extrgmities of this T-region
and the transfer to the plant. , '

Since theé i plasmid does not maintain its
position in E. coli in the existing procedures the shuttle vector

with the manipulated T-region is transferred to an A. tumefaciens

which- contains a complete Ti plasmid which can co-exist with the

shuttle vector. Since the shuttle vector contains T-region parts
wvhich are alsoc present in the T-region of the Ti plasmid a double
crossing-over between the homologous parts of both T-regions is
fcrcéﬁk Therewith the new éenes,are incorporated into the T-region

of the intact Ti plasmid.

. uxlstlng procedures for site location directed

'mutatzons of the Ti plasmids ere described by Leemans et al, The

Iubo Journal 1, 147-152 (1982); Matzke et al, J. Mol. Appl. Genet.

, 39-L9 (1981); vide for the general principle on which these
techniques are base, Ruvkun et al, Nature (London), 289, 85-88
(1981). The last step of the Ti plasmid mutation is>alvays performed
in Agrobacterium itseif; because the host range of Ti plasmids is
restricﬁed td Rhiiobiﬁceae. After ﬁ clones fragment of fhe Ti .

. plasmié in E. coli has been mutated, for instance by insertion of
P & L0221

a transposone, the outated fragment is subcloned on a vector with
a broad host range and transferred into a Ti plasmid containing
Agrobacterium strain. Herein the inserted DNA is incorporated by

homologous recombination vie double crossing-over into the Ti

~
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plasmid, whereupoc either the plasmid with & broad host range is
destroyed by meens of an 1ncompat1b‘e plasmid or the T1 plasmlu
is transferred to another Agrooacter1um by con;ugat1on. By
investigation of the transcon;ugants it is checked vhether the
correct mutation -of the Ti plasmld has taken place. ]

) - These known procedures are rather laborxous
and give technical problems, which could be av01ded of the site

directed mutation of the Ti plasmid itself could directly be

" performed in E. coli. However, the Ti plasmid is lacking an origin

of replication or & replicatof which can function in E. coli.

-  Surprisingly, it has nov been found that
the desirable transfer of DNA from A. tumefaciens bacteria into
riant cells, in which the transferred DNA is incornorated into the
genome; cal 2lso be realised if the requlred vir and T-regions are
posltloned on two different plasmlds.‘” -

The process accord1nr to the 1nvent10n is

cnaracter:seu in that Ag;obacterlum bacteria strains are used vhlcn

contaln at least one plesmid wh1cn has ‘the vir region of a8 Ti

(tumour 1nauc1ng)plasm1u but has no T—reg1on, and st least one

othe* plasrid which has a3 T-region with foreign DuA,lncor?orated in
it out has no vir reglon.

If it requlreu not to have plantcells with
a tumurous characte}, the oncogenes {onc-genes) and other sequences
beﬁveeﬁ the dorder seguences of +he wild-type T-region can be

taken out ;eav1ne behind an artificial T-region which comprises

-the forelgn DEA in betvee T-region dorder sequences. The border

sequences are defined as those sequences at the extremities of a
T—rezlon that are required for transfer and integration of T-DNA
in plant chromosones via Azrobacter1um

-The invention n*esents new Agrobacterium

strains, suitsble for use in the above-mentioned process according

to the invention, which are characterised in that the Agrobacterium

bacteria contain at ‘least one plasmid which has the vir region of
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a2 Ti (tumour inducing) plasmid but has no T-region, and at least
one other plesmid which has a T-region with foreign DNA incorporated
in it but has no vir region. Herein, T- region stands for any DiA
transferred and integrated into chromosomal DNA of plants.

The new Agropacterium strains according to
the invention can be produced by incorporating into Escherichia
coli foreign DNA in the T-region of a plasmid which contains a
T-region and a replicator having a broad host range and introducing
the resulting plasmid‘inio Agrobacterium bacteria which contain
at least one plasmid which has the vir region of & Ti plasmid but
has no T-region. .

' The invention also provides plants and plant.
cells which have been obtsined after the genetic properties of the
original plants c.q. plant cells have been modified with application
of the process according to the invention.

a The use of the process according to the -
invention in which plants or plant cells with modified genetic
information are obtained may be present in the improvement of

plants {cultivation of an improved species, which for instance is

_better resistant to herbicides), as well as in the realisation of

a bioreactor for fermentaticn of plant cells optionally immobilised
thereupon, which produce e specific desirable translstion product,
for instance enzyme, or a secondary metabolite of the plant cell,
in large guantities. -

. The process -according to the invention there-
fore offers the possibility to manufacture mutants of higher plants
Laving well defined genetically improved resp. modified properties
in an otherwise unchanged backgrognd. As already remarked before
this is vital to the plant breeding industry, the more so as fron
the tissue lines which are obtained with application of the process
according to the invention regenerates can be obtained at an early
stage after transformation, Furthermore, the cells with auto-

trophic growth, which are obtained with application of the process



10

20

25

30

0120516

-6 - :

according to the invention, for instance the Crown gall cells,
only need a very simple synthetic medivm for a good growth in 2
fermentator, to which medium no phyto/ho*mones need to pe added.
Cells thus obtained, 1n which foreign DKA is introduced, can ve
cultured on a large scale, for the proauctlon of those substances,
for whicn the foreign DHA codes, such &8s alkalo1ds,4am;noac1ds,
hjdrocaroons, proteins, enzymes, stero;ds, etc. (ef. Impact of
Applied Genetics, Mlcro-Organlsms. Plants and Animals; OTA Report,
Congress of the United States Office of Tecnnology Assessaent, .
Washington, 1981). ' .

Accord1n~ to the -nvenulon Ap*cva"te lum

strains are used c.G. produced, whicn contain two different comnat**°
plasmids. One plasmid contains the vir-region, dbut is lacking a
-region so that it has no Tumour inducing capacity as such. The

other pimsmid carries the nanlbulated T-region, so that this

Tplagmld has not -tumour 1nduc1ng capacity as such either. An

4probacterium-strain, which acconodates both plasmids, hovever, has
a pnormal tumour inducing capacity or more in general nas the

4
capacity to incorporate DNA into the chromosomes of dicotyledonous

tlants, such as uomatoes, tobacco, petunia, potato, Sufar beet,

" sunflowver, leguminous plants, and the like.

- The 1nven.10n nakes it posszble that for the

construction of blasmlu with a T-region but ‘without a v;r-reglon

e .sucb a smalxew size of vector plasmid is used that the

required genetlc manipulations can easily be accomplished in E. coli

as & host. When the plasmid obtained herewith is transferred tc an
Agrobacterium s3 rain, vwhich sccomodates the plasmid with the vir-
region but no T-region, the possibility 1s opened to introduce the
manipulated T-region into the piant cells. The binary vector systexm
according to the invention for genetic manipuletions of plan{ cells
eliminates the necessity to use an intact Ti blasmld +herefor, wlth
all the drawvbacks connected therewith. Also, a forced crossing-over

vwhich mey give rise to complications is no longer necessary
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. By the omission of the-necessity to apply
forced crossing-over for introducing & nev gene or genes into
the T-repion of the intact Ti plasmid the binary vector system
moreover has the advantage that it is no longer necessary to
incorporate undesirable genes, including e.g. the onc-genes or -
parts thereof, of the T_region together with the nev gené or genes
into plant chromosonmes. With the binary vector system-it now has
become possible to construct e complete "artificial” T-region.
such as for instance described in fig.- 5 and then to incorporate
this DIHA into chromosomes. o :
The invention is illustrated hereiﬁunder with
the 2id of the drawing in which
fig. 1 shows in outline the construction of

s

the plasmid'pAL1010;

fig. 2 shows & physical card of the plasmid

fig. 3 shows in outline an octopine Ti
plasmid; ‘ ' ‘ ‘
' fig. L shows in outline the invention; and
fig. 5 shows in outline the structure of
normal T-DHA and. of manipulated "artificial” T-DNA, as incorporated
into the plant gehome; ‘ '
as well as with the aid of a description of’
performed experiments.

Also examples of experiments are described,
in which actually with the invention <hus described both & new gene
has been manipulated in the T-region and transferred to the plant
cell and a completely "artificial" T-region was used with the
same purpose.

In order to obtain a plasmid which contains

<he intact T-region of the octopine Ti plasmid pTiAch5 and both in

A. tunmefaciens and in E.coli is capable of autonomous replication,
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use has been made of the recombinant plasmid POTYB. This plasmid is
a derivative of the plﬁsmidfégbgon‘(Beggs, Molec. Genet. in Yeast,
Alfred Benson Symp. 16, 383-389 (1981)), obtained by inserting the
T-region of pTiAch5 into the locus for tetracycline resistance.

This plasmid POTY8 furthermore contains as genetic markers.the

_ampicillin resistance gene (Ap) of the plasmid pAT153 {Twigg et al,

Rature 283, 216-218 (1980) es well as & LEU-2 gene. The plasmid
POTYS is shown in outline in.fig. 1. The recognition sites for the
restrictionAenzymes Pstl and BamHl are indicated herein.

" since this plesmid cannot replicate in
A. tumefaciens bacteria, the plasmid hes been converted into &
plésmid havinglﬁAbroad-hosf range by fusion with the IncP plasmid
’772. For this purposé RAT72 was introduced into the strain HB10Y
(with plasmid POTYE) oy conjugation, vhereupon'transconjugants of
+his erossing were used as donors in further crossings with the
A. tumefaciens strains LBA202. Transconjugants hereof were selected
for the presence of the ampicillin resistance marker of POTYS8.
As was expected, these stirains would contain a cointegrate plasmid
of POTYS and RTT2, because POTY8 itself is not conjugative and
cannot replicaté in Agrobocterium. Tne jntroduction of RT72 could
have taken place either in the vector part or the T-region part _
of POTY8. In order to be mble to carry out complementation
experiments, only a cointegrate containing an intact T-region is of
importance. That is why subsequently 30 transconjugants vere
conjugated with the E. coli strain Jh221 (C600 trpE leu 3, vide
Beggs, Hature 275, 10k2109 (1978)), whereupor the progeny vwas
exarmined for leucin auxotrophy. One of the 30 transconjugant strains
appeared not to growv on 2 minimum medium vithéut leucin added.
Probadly, this strain contained a RT72 :: POTYS cointegrate plasmid,
in vhich the expression of the gene LEU-2 had been inactivated by

the incorporation of HTT2. Analysis of restriction endonyclease

‘patterns of the RT72 :: POTY8 plasmid, which was called pAL1I050,

snoved that tne piasmid pAL1050 ha¢ an insertion ef RT72 in the

-
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pJD3207 part of POTY8, whereas the T-region had remained unmodified.
The structural orpganisation was further confirmed by hybridisation
experiments using the Southern blot technigue {Southern, J. Mol.
Riol. 98, 503-518 {1975)) and of labelled plasmid DIA of RT72 and
POTYS. The plasmid pAL1050 and thc way in which it is manufactured,
are showh in outline in fig. 1. Herein the T-region is indicated

in shading. One of the two copies of the insertiocn sequence IS70.got
partly lost, which accounts for the surprising stﬁbilit&_of the
cointegratevplasmid pAﬁ\OSO found. )

o ' The plasmid pAL1050 was introduced into &
ﬁon-oncogenou§ Azro%acterium strain (cured of its Ti plasmid),
vhereupon it was investigatednvhether by this introduction of -
DAL1050 the Tumour inducing capacity of the strain could be
restored. In conformity with expectations (the vir-region is
lacking!) +his appeared not to be the case, as may appear from the
following tabie.

. _ The pAL1050 was transferred by conjugation
into the non-oncogehons Aprobacterium strain LBALLOL (Ooms et al,
Gene 1k, 33-50 (1981), which contained a strongly reduced Ti

plasmid, which was lacking the whole T-region but still had an

intact vir-region {vide fig. 2). Fig. 2 shows a/g§5§ of the plasmid

©TIAzh5, in which the T-region present on pAL1050 has been
blackened and the part present on pALLUOL containing the yir-region
is hatched. _

' The capacity of tumour induction of thg
transconjugant strain LBALL3L, which contained both the plasmid
PAL1I050 with T-region and the plesmid pALLLOL with vir-region, was
tested with different plant species. It appeared that the strain
LBALL3U induced normal tumours on all plants inveétigated. in whien

tumours octopine could be detected (vide the table).

>
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Table V

Plant tumour induction tests

tomato - kalancho€ tobacco green pea

Strair plasmids

tuzour OCS#* tumour ocs tumour OCs tumour OcCS

LBALOO1 Crxx,

" pTiAchS + + + + + + + +
LBALLOL Cr, ‘

pALLLOL . - - : - -
LBA1050 Cr, A -

PAL1050 - - i - -
LBALL3L Cr,

PAL1050

PALLEOk + + + + o+ + + .
% = ocs = octopine synthesis in the tumour, detected according to

Otten and Schilperoort, Biochem.'ﬁipphys..Acta 527, 497-500

(1978) . o
x%x = Cr = the large cryptic plesmid-of A.tumefaciens strain Ach5.
These experinments show that the vir-region and
the T-region of the octopine Ti plasmid can be separated physically
on different plasmids without the tumour inducing capacity of the

bacterium being affected by it. Since A. tunmefaciens vith only the

_plasmid pAL1050 ‘cannot induce tumours, the results found show that

these genes of the xizrregion are active dﬁrihg transfer of the
T-region to the plant cell. ' _

_ One could think that the oncogeﬁity of the
Agrovacterium strain L3ALL3L may bde caﬁsed by the formation of a
cointegrate plasmid detween pALLLOL and pAL1050 in a small portion
of the bacteria. However, this is not very likely for the following
reasons. First of all by hybridisation experiments on Southern
blots it was shown that there is no homology betveen the two
plasmids. Consequently it is excluded that by homologous
recombination between both plasmids & cointegrate is formed.

Secondly, by crossing of LBALL3L (with the plasmids pAL1050 and
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PALLLOL) with LBALOT8, an A. tumefaciens strain cured of the Ti
plasmid and being erythromycin resistant as receiving vacterium,
no cotransfer of the non-conjugative plasmid pALLLOL with the
Inc-P plasmid pAL1050 was detected (frequency lower than 10-h).
from which it follows that no cointegrate formation by qcn-legiti:a:e
recombination had taken pléce or only at a very low frequency. This
implies that by cointegrate-forﬁstion,_if any, no significant
contribution to the tumour induction can have been made. For, wound

infections with mixtures of oncogenous and non-oncogenous A.

tumefaciens strains in ‘low ratios do not lead to tumour formation

(Lippincott et al, J. Bact. 97T, §20-628 (1969) as a result of

competition between the bacteria for & restricted numbter cof
P

attachments sites on the plant cells. The tunours induced Ty

LBALL3Y, however, are Bs big as those vhich are induced by the wild
type strain Acn5. This makes it extremely unlikely thet therfﬁhoﬁr”All
induction oy LBALU3L is caoused by a mixed cell population sub-
stantially consisting of non-oncogenous cells and only containing
a very limited nuzber of cells with a cointegrate plasmid.

Fig. 3 gives a picture of an octopine Ti
plasxid, subdivided in a part responsible for tumour induction and
a part responsible for the catabolism of octopine (octopine’
catabolisc gene Occ) and arginine (arginine catebolism gene Arc).
Tra, Inc. and Rep are functions for respectively conjugation,
incompatibility and replication. Aux, Cyt and Ocs are loei for '
respectively auxine and cytoquinine-like effects and for ociopine
synthesis ir the tumour cell. ’

Tig. 44 shows in outline the tumour induction
vhich is caused ©ty infection of plants Or incubation of plant
protoplasts with A. tumefaciens vacteria which contain an intact
Ti plasmig. '

Fig. 4t and fig. 4c shov that both A.
tumefaciens pacteria, which only contain & plasnid A.uithout Tw

region (fig. Lb) and A. tumefaciens bacteria, which only contain
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a plasmid B without vir-region (fig. ic) have no tumour inducing

capacity. / o
Fig. 4d shows that tumour induction is

possible indeed of the bacteria contain both plasmids simultaneously.
Fig. be shows the process according to the

invention, in which use is made of A. tumefaciens bacteria which

contain both & plasmid A with vir-region but without T-region, and

a plasmid B with genetically manipulsted T-region but without vir-

region; the genetically manipulated T-region is incorporated into

chromosomes of the treated plani celis.

Fig. 5 shows in larger detail the structure

.ef the T-region of octopine Ti plasmids, after incorporation into

the plant gencme. At the extremities of the T-region there is a
special- pase sequence of about 23 base pairs (bp) which are involved

if thé transfer and integration of T-DNA in the plant genome.

*-Also, an "artificial" T-DHNA, incorporated into the plant genome,

is shown which contains one or more desirable genes and a marker
gene for the selection of transformants. In order to make
exiression of these genes in the plant cell possible, special base
sequences are present, including a plant promotor (Pp) as a
stéyting place for the transcription in RNA (_+)K wvhich are needed

for the regulation of the gene expression in eucaryots.

Example

In order to test the suitability of the
invention described in practice an experiment was carried out, in
which & bacterial gene was transferred with the binary vector system
to the plant cell. The gene that codes for the enzyme chloro-
ampnenicol transacetylase, which is' expressed within the bacterium,
end sees to resistance of the host against the antibiotic chloro-
amphenicol was selected. This resistance gene is positioned on a
DNA fragment which was manipulated in the plasmid pAL1050, which

treatment was carried out within the host Escherichia coli. Sub-

secuently the thus cbtained plasmic derived from pAL1C5C, which

L
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now carries the geneti& information for chlorosmphenicol resistance,

was transferred by means of conjugation (mating) to the

Agrobactérium tumefaciens strain LBALLOL, which contains a strongly

reduced Ti plasmid, vhich was lacking the whole T-region, but did
not contain an intact vir-region (vide fig. 2). The thus obtained
A. tumefaciens, with the manipulated T-region and the vir-region
on separated plasmids was used for infection of a plant, in
conseguence of which it could be investigated whether cells wvere
transformed in such a way that a tumour was formed having the
characteristics of the presence of tumour cells vith a T-DiiA, in
vhich et a known place a foreign piece of DNA is manipulated. The '
place of the T-region of the plasmid pAL1050, in vhich the earlier
mentioned DA fragment bad been incorporated, had been selected

in such & way that on the basis of data already known it could be

expected that by transfer of the mahiphlated‘T;region to plant

cells, the tumour thus formed would show the chk;acteristic mor-
phology of extreme adventitious root development on Kalancnog
daigremontisna and Hicotiana tabacus. The result of the infection
test carried out indeced showed the expected tumour morphology,

from which it may therefore be concluded that with the invention

Gescribed the mentioned foreign DNA frapment was incorporated into
the plant genome. This was further confirmed by Southern bdlot
hybridi#ation experinments showing that the mentioned foreign DHA
was incorporated in plant DNA.

Also a plurality of "artificial" T-DRA's
nave been constructed as is indicated in fig. 5, where as plant
marker the gene was used which codes for an enzyme called lysopine-
dehydrogenase or octopine synthase. This enzyme catalyzes only
when present in plant cells the synthesis of octopine by reductive
condensation of arginine and pyruvate. By infection of plants in
sccordance with the process according to the invention tumours
were induced vhich indeed could synthesise octopine.

The Arrobacterium strains LBALLOL and LBA1050
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are deposited on February 24, 1983 and available at the Centraalbureau

voor Schimmelcultures (CBS) at Baarn, the Netherlands,'resp.‘undez

No. CBS 191.83 and 182.83
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Claims
RS2 bert-
1. h process for the ingorparation of forel
nnf intc chromosomes of dicotyledonous plants oY inf
piants o incubating plant srotopiasts with Asrotacieriun pactarii,

whicn contain one or more plasmids, characserised in 1hat

Arrotacieriun becteri ‘are used, which contain at leasi one il

naving =he vir-r=rion of a Ti (tumour *nduc1 z) piasmid tut Lo
€ - -

.

e other plasmid naving 2 T-region wiin

incorperated therein foreign DNA but no vir-regior.
la

slaszmid Tut no T-region and av jeast one ciher plasnid which nas =

zion with inccrporated in it foreign Di4 and o
vir-region. '
L, A process for tne n‘o"uctlo” ¢ Azro-

pacteriun ba:teria, which contain one .or more plasxzids,
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as @ nost foreign DNA in a T-region of 2 n‘asvlu containing a
T_recion and & replicator having a bread host range, end intro-
Gucing the resulting plasmid inte Agrotacterium bacteria which
contsin a2t least one plasmid, whizh has the vir-region of a. Ti-
piasmid bui no T-region.

c

S. Plants and plant cells, obtained after <ns

genetic prooerties of the original plants c©.q. plant cells have
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6. A process for the preparation of chemical

and/or pharmaceutical products, characterised in that cells obtained

with application of the process according to one or more of the
claims 1-4 are cultured and the desired substance is isclaied;

T. A process according to claim 6, character-
ised in that culture is performed by means of fermentation and

optionally subsequent immobilisation.

LG/ 3%
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